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Background: Patients with low back pain often seek chiropractic care and more than ninety percent of
Chiropractors use lumbar side posture manipulation for the treatment of low back pain. During this procedure
chiropractors deliver forces by means of hand contact on the patient in a side lying position. The objective of this
pilot study was to report on the three-dimensional forces at the hand contact between the chiropractor and the
simulated patient (asymptomatic volunteers) during side posture lumbar high velocity low amplitude adjustments.
Methods: In 2005, two licensed chiropractors delivered spinal manipulations to the lumbar spines of the
participants. A three-dimensional force transducer (Model # Mini-45, ATI-Industrial Automation, Apex, North Carolina)
was used to measure the three-dimensional loads. The force-time histories were analyzed for preloads, peak loads,
duration of thrusts to peak load, duration of thrust for completion, rate of loading, and magnitudes of the three
forces and the resultant total force delivered by the chiropractor.
Results: The two chiropractors delivered a total of 14 thrusts to the five asymptomatic volunteers. Normal force (Fz)
is the dominating force, followed by inferior-superior force (Fx). The lateral force (Fy) occurred in both directions.
Conclusions: This study reports on the three dimensional load (three forces and the total resultant force)
characteristics of chiropractor-patient hand contact while delivering a chiropractic high velocity low amplitude
(HVLA) manipulation in a side lying position.
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Low back pain (LBP) is a major health problem to soci-
ety in terms of cost and lost work days [1]. LBP will
affect as many as 80% of US adults during their life [2].
The cost of LBP treatment in the US was estimated at
$85 billion in 2006 [3]. Patients with low back pain seek
chiropractic care for pain relief and for return to normal
activities. More than ninety percent of Chiropractors use
lumbar side posture manipulation for the treatment of
low back pain [4]. During this procedure a chiropractor
delivers forces by means of hand contact on the patient
in a side lying position. These forces are complex three-
dimensional forces and are delivered to create forces and* Correspondence: Gudavalli_r@palmer.edu
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article, unless otherwise stated.moments at the joint of interest thereby creating joint
movements. This type of manipulation is defined as
High Velocity Low Amplitude-Spinal Manipulation or
HVLA-SM.
Much work has been done to quantify the forces deliv-
ered during chiropractic spinal manipulation (SM). The
need for further research on the biomechanics of spinal
manipulation has been identified in position papers
[5,6]. Several investigators reported force-time profile
characteristics during spinal manipulation for different
regions of the spine [7-25]. Most of the studies mea-
sured only the normal force (defined by the perpendicu-
lar force to the back surface) characteristics of thrusting
hand during the delivery of spinal manipulation [7-15,24].
All of these studies looked at the forces generated during
SM of the cervical and thoracic spine, and the sacroiliac
(SI) joint. These authors found that the peak and preloadCentral Ltd. This is an Open Access article distributed under the terms of the
/creativecommons.org/licenses/by/4.0), which permits unrestricted use,
, provided the original work is properly credited. The Creative Commons Public
mons.org/publicdomain/zero/1.0/) applies to the data made available in this
Figure 1 A photograph of the transducer and the glove used in
this study.
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vical spine compared with HVLA-SM to the thoracic
spine. Kirstukas et al. [24] quantified forces delivered dur-
ing unilateral thoracic manipulation using Tekscan pres-
sure mats whereas other investigators [7-15] used Emed
pressure sensors to measure pressure and convert it to
force. All these studies reported on the preload force, peak
force, thrust duration, and rates of loading from the
force-time data collected while delivering the spinal
manipulation. Triano et al. have done pioneering work
on three dimensional (3-D) loads transmitted during
spinal manipulation using an inverse dynamics ap-
proach with force plate embedded into the treatment
table [17-19,21,26]. Van Zoest et al. were the first to
report on a measurement method to quantify theFigure 2 A typical graph comparing transducer and force plate measthree-dimensional forces at the chiropractor-patient
hand contact [27,28]. These investigators reported on
the 3-D forces during thoracic and sacro-iliac manipu-
lations in the prone position. Their measurement did
not include the moment loads at the hand contact.
The objective of this pilot study was to report on the
three-dimensional forces at the hand contact between
the chiropractor and the simulated patient (asymptom-
atic volunteers) during side posture lumbar high velocity
low amplitude spinal manipulations.
Methods
This project was approved by the Palmer College of Chiro-
practic Institutional Review Board (IRB # 2005G070). In
2005, informed consent was obtained from five participants
with no symptoms of low back pain. The participants were
a convenience sample of volunteers from our institution
and consisted of 4 males and one female aged 22–51 years
old. All participants were informed of the study details and
signed the informed consent form. The chiropractors ex-
amined the participants for palpatory tenderness, spinal
hypomobility, and any contraindication to spinal manipula-
tion. The examination included history, vital signs, review
of systems, an orthopedic examination, a brief neurological
screen, and a spinal examination. Patients were excluded if
contraindications to manipulation were found. Two li-
censed chiropractors evaluated the spinal segments for
hypomobility using palpatory examination and delivered
HVLA-SM to the lumbar spine of the participants in a
side-lying posture. The participant was positioned in a
side-lying (lateral recumbent) posture. The superior or free
hip and knee were flexed and adducted across the midline.
The chiropractor stabilized the participant by leaning his/
her own leg against the participant’s superior leg, while
holding the participant’s superior shoulder. Theurements in shear.
Figure 3 A typical graph comparing transducer and force plate measurements in normal force.
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thrusting into the spine or sacroiliac joint. The thrusting
load is a quick, short, controlled movement of the shoul-
der, arm and hand combined with a slight body drop.
A three-dimensional force transducer (Model # Mini-
45, ATI-Industrial Automation, Apex, North Carolina)
was used to measure the three-dimensional loads (three
forces and the resultant total force) (see Figure 1). The
transducer was placed between the chiropractor’s hand
(that was enclosed in a glove) and the participant’s back.
A thin layer of rubber padding was used between the
transducer and the participant’s back, and the transducer
was attached to the chiropractor’s glove using Velcro®
brand fasteners. The X-axis was pointed superiorly on
the spine, the Y-axis was pointing left laterally, and the
Z-axis was pointing posteriorly normal to the back sur-
face. The load-time histories were recorded at a sam-
pling rate of 1000 Hz using custom written Lab ViewFigure 4 A typical 3-d force-time graphs during the side posture spinsoftware and a laptop computer connected to the force
transducer by means of a PCMCIA card (Keithly Instru-
ments Inc.,Cleveland, Ohio). The transducer was tested
to compare the accuracy of force measurements in nor-
mal direction as well as shear direction with a Bertec
force plate and found to have good agreement (less than
3% differences) between both sensors (Figures 2 and 3).
The force-time histories were plotted using custom writ-
ten MathCAD software (version 12, Parametric Technolo-
gies Corporation, Boston, Massachusetts) and to extract
important parameters with user interface. With user
interface the following parameters were extracted from
the force-time graphs: Preload forces, peak forces, dur-
ation of preload, duration of thrusts to peak force, duration
of unloading, total duration, rate of loading, and rate of
unloading. The extracted data were then exported into an
excel spreadsheet for further descriptive analysis using
means and standard deviations.al manipulation.
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Figure 4 shows typical force-time profiles of the three
forces measured during the manipulation. Normal force
which is perpendicular to the back surface is the domin-
ant force applied by the chiropractor but shear forces
(parallel to the back surface) were also observed.
The two chiropractors delivered a total of 14 thrusts
to the five asymptomatic volunteers. Table 1 summarizes
descriptively the 3-D forces, durations, and loading rates
for all 14 spinal manipulations as well as for the two chi-
ropractors. Normal force (Fz) is the dominating force,
followed by inferior-superior force (Fx), and the lateral
force (Fy) which occurred in both directions.Discussion
Van Zoest et al. were the first to report on a measurement
method to quantify the three-dimensional forces at the
chiropractor-patient hand contact [27,28]. Their study was
restricted to three forces at the hand contact and only re-
ported on the forces for thoracic and sacro-iliac spinal
manipulations in the prone position. Our study expands
to the lumbar spine, the measurement of 3-D forces at the
chiropractor-patient interface during side posture lumbar
spinal manipulation.Table 1 Three-Dimensional spinal manipulation load characte
Both Chiropractors (N = 14)
Fx (N) Mean SD
Preload 14.6 7.1
Peak load 25.3 37.5
Fy (N)
Preload 4.8 9.3
Peak load −20.6 40.2
Fz (N)
Preload 96.4 30.7
Peak load 335.3 71.3
FRes (N)
Preload 98.7 29.3
Peak load 340.3 75.2
Preload duration (ms) 1966 1022
Thrust loading Duration(ms) 164 37
Thrust unloading duration(ms) 746 316
Total duration(ms) 2876 1240
Rateof Fz thrust loading(N/s) 1577.9 733.8
Rate of Fz thrust unloading(N/s) −517.4 203.6
Rateof FRes thrust loading(N/s) 1595.1 749.8
Rate of FRes thrust unloading(N/s) −522.7 201.9
Fx-Inferior to superior force Fy- Lateral force Fz-Posterior-to-anterior force FRes-Resu
N-Newtons ms-milliseconds N/s- Newtons per second.This study demonstrates that shear forces are present at
the chiropractor’s hand-patient interface while delivering
treatments to the lumbar spine. These shear forces have
distinct ranges for the two chiropractors. The chiropractor
who delivered faster thrusts had higher shear force
values. The average normal forces previously reported
for sacro-iliac manipulations (222-228 N) were smaller
compared to the present study [27,28]. Previous stud-
ies have also reported shear forces with large standard
deviations similar to our study [27]. The average nor-
mal peak forces (328 N) reported on sacro-iliac joint
manipulations on three participants by Herzog et al.
are comparable to the normal forces measured in the
present study [9].
Triano et al. reported on the transmitted 3-D loads to
the spine using an inverse dynamics approach [17].
However, they did not report on the chiropractor-patient
hand contact loads. The shear forces measured in the
present study were smaller compared to the transmitted
loads in the lumbar spine reported by Triano et al. using
the inverse dynamics approach and force plate measure-
ments [17].
The force measuring system developed and used in
this study consisted of a laptop computer and was eas-
ily portable. The force-time graphs are displayed forristics
Chiropractor 1 (N = 6) Chiropractor 2 (N = 8)
Mean SD Mean SD
19.4 4.9 11.1 6.5
61.8 26.2 −2.1 10.6
7.4 9.2 2.8 9.5
−40.4 51.7 −5.8 22.4
71.5 22.8 115.1 21.0
382.2 37.7 300.1 71.5
75.5 20.9 116.1 21.7
392.6 41.0 301.0 72.0
2976 524 1209 462
144 26 179 39
1046 211 521 134
4166 422 1909 482
2226.3 452.6 1091.6 472.3
−384.5 119.9 −617.1 200.6
2267.3 442.7 1090.9 475.7
−394.5 121.3 −618.8 201.4
ltant force.
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nipulation. This system has the potential for taking it
to any field clinicians’ office to gather data and give
immediate feedback on the forces delivered.
Limitations and future directions
The transducer is a two centimeter thick metal device
with a rubber pad for the comfort of the participant. Un-
fortunately, tactile feedback is lost because of the trans-
ducer between the chiropractor’s hand and patients
back. Furthermore, this study had only 2 chiropractors
and 5 asymptomatic volunteers. Future studies should
aim at collecting data from more chiropractors and
using more volunteers as well as low back pain patients.
This is a preliminary study and provides the basis for
such larger studies.
Conclusions
This study reports the three dimensional forces at
chiropractor-patient hand contact while delivering a high
velocity low amplitude (HVLA) manipulation. This is a
preliminary study that showed there are shear forces ap-
plied at the chiropractor’s hand-patient interface. Future
studies should be directed in a systematic way on pa-
tients and with more chiropractors. These measure-
ments have an important role in understanding the
effects at the spinal joints that are being treated. These
studies could also play an important role in the training
of future chiropractors.
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